Single-patch closure of a superior sinus venosus atrial septal defect (SVASD) may be complicated with narrowing of inferior vena cava (IVC). If the pressure gradient across the narrowed portion of superior vena cava (SVC) exceeds 6 mm Hg, widening of SVC lumen is considered. No such guidelines are available in literature for narrowing of inferior vena cava in cardiac surgical patients. We describe an incident of inferior narrowing of inferior vena cava in a 10-year-old girl, who was operated for closure of an inferior type of ostium secundum ASD (OSASD). There was hepatic venous dilatation accompanied with gradient of 3 mm Hg at the junction of inferior vena cava and right atrium (RA). The cardiopulmonary bypass was reestablished and the surgical closure of the septal defect was revised to rectify the problem.
INTRODUCTION
Surgical closure of a sinus venosus atrial septal defect (SVASD), situated in close proximity with superior vena cava (SVC), may be complicated with narrowing of inferior vena cava. Usually, a Doppler pressure gradient of >6 mm Hg across the SVC narrowing is considered a significant obstruction and it necessitates widening of SVC lumen using an additional patch. [1] [2] [3] Iatrogenic narrowing of inferior vena cava (IVC) after cardiac surgery has been reported rarely in patients with mitral valve replacement 4 and partially perforated Eustachian valve. 5 However, how much Doppler pressure gradient would be acceptable across the IVC narrowing in cardiac surgical patients has not been clearly defined. We report an incident of IVC narrowing after the surgical closure of an ostium secundum ASD (OSASD) situated near the IVC, which was detected on intraoperative echocardiography.
CASE REPORT
A 10-year-old girl, weighing 18 kg, was operated for closure of an OSASD. Preoperative history consisted of recurrent respiratory infections since early childhood. On examination, heart rate and blood pressure were 96/ minute and 110/76 mm Hg respectively. Transthoracic echocardiographic examination revealed a 26 mm OSASD shunting predominantly left-to-right and absence of IVC rim. The hematological and biochemical parameters were within acceptable limits. She was scheduled for elective surgical closure of the OSASD as the defect was not amenable to device closure due to deficient IVC rim. On the day of the surgery, she was premedicated with oral diazepam 3 mg. On arrival in operation room (OR), standard monitors were attached and anesthesia was induced with intravenous fentanyl 100 mcg, midazolam 2 mg and propofol 40 mg. Vecuronium 3 mg was administered for muscle relaxation before tracheal intubation. Anesthesia was maintained with oxygen-air mixture (FiO 2 0.3) and isoflurane 0.5 to 1.5%. A triple-lumen cannula was inserted in right internal jugular vein under ultrasound guidance. A pediatric transesophageal echocardiography (TEE) probe was inserted and heart was inspected using an ultrasound system (iE33; Philips Medical Systems, Bothell, WA). The findings on preoperative transthoracic echocardiography were confirmed (Video 1 After weaning patient from CPB, the ASD patch was examined for any residual leak, rerouting of IVC flow to RA and any evidence of IVC obstruction. On advancing the probe from ME bicaval view, a shelf-like projection was seen at the IVC-RA junction, which was creating flow acceleration and narrowing of the IVC (5.9 mm). The hepatic vein was dilated (8.9 mm). Since Doppler beam could not be placed parallel to IVC flow in midesophageal views, we examined the IVC-RA junction in transgastric RV inflow view. The sector angle was rotated to 155º and probe was slightly rotated clockwise to bring the IVC-RA junction parallel to the line of Doppler interrogation. However, since it was not optimum, epigastric scanning was performed by placing probe directly over the IVC-RA junction (Figs 1A and B, Video 2). Epicardial scanning revealed a gradient of 3 mm Hg (Fig. 2) . Surgeon recollected that since anatomical boundaries of the IVC and LA were not distinct, the ASD sutures could have been placed low in the IVC. As the IVC lumen became smaller than the dilated hepatic vein, the CPB was re-established and ASD closure was revised. Patient was weaned from CPB and surgical results were reassessed using echocardiography. The IVC diameter had now increased to 11.2 mm and hepatic venous size had reduced to 7.8 mm. Postoperative epicardial echo showed a gradient of 1 mm Hg across the IVC-RA junction ( Figs 3A and B, Video 3) . Patient was transferred to intensive care unit (ICU) and artificially ventilated for 2 hours before tracheal extubation. Her postoperative recovery was uneventful.
DISCUSSION
The inferior sinus venosus ASD should be differentiated from secundum ASD with inferior extension as the course of the surgery will be different. The inferior SVD as a defect originates in the mouth of the IVC and continues directly into the inferoposterior border of the LA, leaving no residual atrial septal tissue at the inferior margin. It is associated with over-riding of IVC and a higher incidence of partial anomalous pulmonary venous return than the secundum ASD. The secundum ASDs with inferior extension typically are positioned in the posteroinferior position of the atrial septum, and a rim of tissue always exists between the ASD and the mouth of the IVC. The over-riding of IVC is absent in these defects. Surgery for inferior SVASD consists of patch closure or construction of a baffle for rerouting pulmonary venous flow and IVC flow to LA and RA respectively. 6 Iatrogenic complications after the surgical repair of inferior ASD may be attributed to errors in identifying the anatomical structures. Diversion of IVC flow to LA may occur due to mistaken identity of Eustachian valve. 7, 8 Surgeon had committed error in distinguishing the wall of IVC from that of the LA in our patient due to deficient rim of atrial septal tissue around the ASD near the IVC region. The ASD closure suturing was accidentally extended into the IVC lumen, which The IVC obstruction after the surgical closure of ASD is rare. Hence, there is paucity in the literature on the issue of management of partial IVC obstruction.
The blood flow to the brain is determined by cerebral perfusion pressure, which is the difference in the mean arterial pressure and central venous pressure when the intracranial pressure is normal. Although the rise in the SVC pressure after SVASD closure may obstruct the cerebral venous drainage, it may not cause significant reduction in the cerebral perfusion pressure, as the brain perfusion is determined primarily by the driving mean arterial pressure. Persistent SVC gradient > 15 mm Hg after SVASD closure may be associated with neurological symptoms like giddiness. 3 In order to reduce the back-pressure effects of venous obstruction, surgical re-intervention is indicated if the pressure gradient increases > 6 mm Hg. The pathophysiology of partial obstruction to IVC, however, may differ in this respect from that of the SVC obstruction. Under physiological conditions, 75% of blood is supplied to liver by the portal vein and remaining 25% by the hepatic artery. Since the portal venous system operates at a pressure < 10 mm Hg and the hepatic artery at the mean arterial pressure, the sinusoidal vessels play a major role in maintaining the balance between the two systems. 9 The hepatic venous pressure gradient is the difference between the hepatic sinusoidal pressure and the free hepatic venous pressure (FHVP). It represents the gradient between the portal venous pressure and the IVC, which normally ranges between 1 and 5 mm Hg. The FHVP is usually close to the IVC pressure, the difference being less than 2 mm Hg.
When there is no obstruction between the hepatic vein and the RA, the gradient between these two sites is 1 to 2 mm Hg. However, this gradient is higher even if there is mild obstruction between these two sites. Thus, any increase in the IVC pressure increases the FHVP, which then increases the hepatic sinusoidal pressure and portal venous pressure. 10 Apart from liver, other abdominal organs, like gut and kidneys, become vulnerable to the back-pressure effects of the IVC obstruction. The IVC-RA gradient under anesthesia in our patient was 3 mm Hg; which, however, was likely to increase during exercise. As the hepatic vein became larger than the IVC-RA junction, we decided to proceed with surgical reintervention. One of the limitations of the 28 standard TEE views recommended by the American Society of Echocardiography is that none of the views is optimum for placing the spectral Doppler beam parallel to the IVC flow. The RA can be visualized from transgastric RV inflow view. Rotating the probe rightward and increasing sector angle beyond 140º in an off-axis view may bring the IVC-RA junction in focus. However, many times, it may not be possible in this view to maintain the angle of insonation less than 20º between the Doppler beam and the IVC flow. Epicardial echo has the advantage of obtaining high resolution images and has adequate maneuverability 11 to place the probe along the long axis of IVC. Hence, it is best suited for measuring the IVC gradient. However, epicardial echocardiography offers a limited visualization of deeper structures like the abdominal portion of the IVC and hepatic vein, which can be ascertained better on TEE in midesophageal views. Hence, TEE and epicardial echo are complimentary to each other during the assessment of the IVC narrowing after cardiac surgery.
Figs 3A and B:
The IVC diameter is increased to 11.2 mm (A) and hepatic venous diameter reduced to 7.8 mm (B) in midesophageal views after the surgical revision of ASD A B
